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(57) Abstract: A modified human granulocyte-colony stimulating factor (hG-CSF) is produced by culturing a microorganism trans- 
formed with an expression vector comprising a gene encoding a modified hG-CSF to produce and secrete the modified hG-CSF to 
periplasm, said modified hG-CSF being obtained by replacing at least one of the 1st, 2nd, 3rd and 17th amino acids of wild-type 
hG-CSF (SEQ ID NO: 2) with other amino acid. 
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MODIFIED HUMAN GRANULOCYTE-COLONY STIMULATING 
FACTOR AND PROCESS FOR PRODUCING SAME 



Field of the Invention 

5 

The present invention relates to a modified human granulocyte-colony 
stimulating factor(hG-CSF), a gene encoding said peptide, a vector comprising 
said gene, a microorganism transformed with said vector and a process for 
producing the modified hO-CSF using said microorganism. 

10 

Background of the Invention 

The term colony stimulating factor (CSF) is inclusive of 
granulocyte/macrophage-colony stimulating factor(GM-CSF), macrophage- 

15 colony stimulating factor(M-CSF) and granulocyte-colony stimulating factor(G- 
CSF), which are produced by T-cells, macrophages, fibroblasts and endothelial 
cells. GM-CSF stimulates stem cells of granulocyte or macrophage to induce 
the differentiation thereof and proliferation of granulocyte or macrophage 
colonies. M-CSF and G-CSF primarily induce the formation of the colonies of 

20 macrophage and granulocyte, respectively. In vivo, G-CSF induces the 
differentiation of bone marrow leucocytes and enhances the function of mature 
granulocyte and, accordingly, it's clinical importance in treating leukemia has 
been well established. 

Human G-CSF(hG-CSF) is a protein consisting of 174 or 177 amino 

25 acids, the 174 amino-acid variety having higher neutrophil-enhancing 
activity(Morishita, K. et aL, J. Biol. Chem., 262. 15208-15213(1987)). The 
amino acid sequence of hG-CSF consisting of 174 amino acids is shown in Fig. 
1 and there have been many studies for the mass production of hG-CSF by 
manipulating a gene encoding said hG-CSF. 

30 For instance, Chugai Pharmaceuticals Co., Ltd.(Japan) has disclosed the 

amino acid sequence of hG-CSF and a gene encoding same(Korean Patent 
Publication Nos. 91-5624 and 92-2312), and reported a method for preparing 
proteins having hG-CSF activity by a gene recombination process(Korean 
Patent Nos. 47178, 53723 and 57582). In this preparation method, glycosylated 

35 hG-CSF is produced in a mammalian cell by employing a genomic DNA or 
cDNA comprising a polynucleotide encoding hG-CSF. The glycosylated hG- 
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CSF has an O-glycosidic sugar chain, but, it is known that said sugar chain is 
not necessary for the activity of hG-CSF(Lawrence, M. et al.. Science , 232 , 
61(1986)). Further, it is also well-known that the production of glycosylated 
hG-CSF employing mammalian cells requires expensive materials and facilities, 
5 and therefore, such a process is not economically feasible. 

Meanwhile, there have been attempts to produce non-glycosylated hG- 
CSF by employing a microorganism, e.g., E. colL In these studies, hG-CSFs 
having 175 or 178 amino acids having a mediionine residue attached at the N- 
terminus thereof are obtained due to the ATG initiation codon employed in the 

10 microorganism. The additional methionine residue, however, causes 
imdesirable immime responses in human body when the recombinant hG-CSF is 
administered thereto(European Patent Publication No. 256,843). Further, most 
of the methionine-containing hG-CSFs produced in E. coli are deposited in the 
cells as insoluble inclusion bodies, and they must be converted to an active form 

15 through a refolding process, at a significant loss of yield. In this regard, four 
of the five Cys residues present in wild-type hG-CSF participate in forming 
disulfide bonds, while the remaining one contributes to the aggregation of the 
hG-CSF product during the refolding process to lower the yield- 
Recently, in order to solve the problems associated with the production 

20 of a foreign protein within a microbial cell, various efforts have been made to 
develop a method based on efficient secretion of a target protein across the 
microbial cell membrane into the extra-cellular domain. 

For instance, in a method employing a signal peptide, a desired protein 
is expressed in the form of a fusion protein wherein a signal peptide is added to 

25 the N-terminiis of the protein. When the fusion protein passes through the cell 
membrane, the signal peptide is removed by an enzyme and the desired protein 
is secreted in a mature form. The secretory production method is 
advantageous in that the produced amino acid sequence is usually identical to 
the wild-type. However, the yield of a secretory production method is often 

30 quite low due to imsatisfactory efficiencies in both the membrane transport and 
the subsequent purification process. This is in line with the well-known fact 
that the yield of a mammalian protein produced in a secretory mode in 
prokaryotes is very low: Hitherto, no microbial method has been reported for 
the efficient expression and secretion of soluble hG-CSF having no added 

35 methionine residue at its N-terminus. 

The present inventors have previously reported the use of a new 
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secretory signal peptide prepared by modifying the signal peptide of E. coli 
thermoresistant enterotoxin n(Korean Patent Laid-open publication No. 2000- 
19788) in the production of hG-CSF. Specifically, an expression vector 
comprising a hG-CSF gene attached to the 3 -end of the modified signal peptide 
5 of E. coli thermoresistant enterotoxin II was prepared, and biologically active, 
mature hG-CSF was expressed by employing E, coli transformed with the 
expression vector. However, most of the expressed hG-CSF accumulated in 
the cytoplasm rather than in the periplasm. 

The present inventors have endeavored further to develop an efficient 

10 secretory method for the production of hG-CSF in a microorganism and have 
found that a modified hG-CSF, which is prepared by replacing at least one 
amino acid residue, especially, the 17th cysteine residue, of wild-type hG-CSF 
with other amino acid, retains the biological activity of the wild-type, and that 
the modified hG-CSF having no methionine residue at the N-terminus thereof 

15 can be efficiently expressed and secreted by a microorganism when an 
appropriate secretory signal peptide is employed. 

Summary of the Invention 

20 Accordingly, it is an object of the present invention to provide a 

modified hirnian granulocyte-stimulating factor(hG-CSF) which can be 

efficiently produced using a microorganism.. 

It is another object of the present invention to provide a gene encoding 

said peptide and a vector comprising said gene. 
25 It is a fiirther object of the present invention to-^ provide a 

microorganism transformed with said vector. 

It is a still fiirther object of the present invention to provide a process 

for producing a hG-CGF which is non-attached methionine residue to amino 

terminus using said microorganism. 
30 In accordance with one aspect of the present invention, there is 

provided a modified hG-CSF characterized in that at least one of the 1st, 2nd, 

3rd and 17th amino acids of wild-type hG-CSF is replaced by another amino 

acid. 



35 
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Brief Description of the Drawings 

The above and other objects and features of the present invention will 
become apparent from the following description of the invention taken in 
5 conjunction with the following accompanying drawings; which respectively 
show: 

Fig.l : the nucleotide and amino acid sequences of wild-type hiunan 
granulocyte-stimulating factor composed of 174 amino acids residues(SEQ ID 
10 NOS:land2); 

Fig. 2 : the procedure for constructing vector pT-CSF; 

Fig. 3 : the procedure for constructing vector pTMSlSG; 

Fig. 4 : the procedure for constructing vector pTMSSlSG; 

Fig. 5 : the procedure for constructing vector pT140SSG-4T22Q; 
15 Fig. 6 : the procedure for constructing vector pT14SSlS17SEG; 

Fig. 7 : the procedure for constructing vector pTOlSG; 

Fig. 8 : the procedure for constructing vector pB ADG; 

Fig. 9 : the procedure for constructing vector pBAD2M3 VG; 

Figs. 10a and 10b : the results of western blot analyses which verily the 
20 expression of hG-CSF and modified hG-CSFs jfrom recombinant cell lines and 
the molecular weight of expressed proteins, respectively; and 

Fig. 11 : the cellular activities of hG-CSF and modified hG-CSF 
produced from recombinant cell lines. 

25 Detailed Description of the Invention 

The modified hG-CSFs of present invention are derived by replacing 
one or more of the amino acids of wild-type hG-CSF(SEQ ID NO: 2), 
preferably the 1st, 2nd, 3rd and 17th amino acids thereof, by other amino acids. 
30 More preferred are those obtained by replacing the 17th amino acid of hG-CSF 
with an amino acid which is imcharged at neutral pH. Specific examples of 
preferred modified hG-CSFs have the amino acid sequence of wild-type hG- 
CSF, except that: 

(a) the 1st amino acid is Ser; 
35 (b) the 1st amino acid is Ser and the 17th amino acid is X; 

(c) the 2nd amino acid is Met and the 3rd amino acid is Val; 
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(d) the 2nd amino acid is Met, the 3rd amino acid is Val and the 17th 
amino acid is X; or 

(f) the 17th amino acid is X, 

wherein X is an amino acid which is not charged at neutral pH., 
5 preferably Ser, Thr, Ala or Gly, more preferably Ser. 

Four of the five Cys residues of hG-CSF participate in forming 
disulfide bonds, while the 17th Cys residue remains unbonded in the natural 
state. However, when a large amount of hG-CSF is expressed in recombinant 

10 cells, the 17th Cys residue gets involved in inter-molecular disulfide bond 
formation, leading to the accumulation of agglomerated hG-CSFs in the 
cytoplasm. However, the inventive modified hG-CSF having an amino acid 
other than Cys at the 17th position is free of such problem and can be 
effectively produced by a secretory method using an appropriately transformed 

15 microorganism. 

The modified hG-CSF of the present invention may be encoded by a 
gene comprising a nucleotide sequence deduced from the modified hG-CSF 
amino acid sequence according to the genetic code. It is known that several 
different codons encoding a specific amino acid may exist due to the codon 

20 degeneracy, and, therefore, the present invention includes in its scope all 
nucleotide sequences deduced fi-om the modified hG-CSF amino acid sequence. 
Preferably, the modified hG-CSF gene sequence includes one or more preferred 
codons of E, colL 

The gene thus prepared may be inserted to a conventional vector to 
25 obtain an expression vector, which may, in turn, be introduced into a suitable 
host, e,g., an E. coli. The expression vector may further comprise a signal 
peptide. Representative signal peptides include a thermoresistant E. coli. 
enterotoxin II signal peptide(SEQ ID NO: 53), a modified thermoresistant E. 
coli enterotoxin II signal peptide(SEQ ID NO: 54), a beta lactamase signal 
30 peptide(SEQ ID NO: 24), Gene IH signal peptide(SEQ ID NO: 42) or modified 
peptide thereof, but these do not limit the signal peptides which may be used in 
the present invention. The promoter used in preparing the expression vector of 
present invention may be any of those which can express a heterologous protein 
in a microorganism host. Specially, lac, Tac, and arabmose promoter is 
35 preferred when the heterologous protein is expressed firom E. coli. 

Exemplary expression vector of the present invention includes 
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pTMSSlSG, pT14SSlS17SEG, pTOlSG, pTOlSlTSG, pT017SG, pTOlTTG, 
pTOlVAG, pT017GG, pBAD2M3VG, pBADlTSG and pBAD2M3V17SG. 

The expression vectors of the present invention may be introduced into 
microorganism, e.g., E. coli BL21(DE3)(Novagen), E, coli XL-1 blue(Novagen) 
5 according to a conventional transformation method(Sambrook et aL, the supra) . 
to obtain transformants £. coli BL21(DE3)/pT14SSlSG(HM 10310), E. coli 
BL21(DE3)/pT14SSlS17SEG(HM 10311), E. coli BL21(DE3)/pT01SG(HM 
10409), E. coli BL21(DE3)/pT01S17SG(HM 10410), E. coli 
BL21(DE3)/pT017SG(HM 10411), jF. co// BL21(DE3)/pT017TG(HM 10413), 

10 E. coli BL21(DE3)/pT017AG(HM 10414), E. coli BL21(DE3)/pT017GG(HM 
10415), jE. coli BL21(DE3)/pBAD2M3VG(HM 10510), E. coli 
BL21(DE3)/pBAD17SG(HM 10511) and E. coli 

BL21(DE3)/pBAD2M3V17SG(HM 10512). Among the transformed 
microorganism, preferred are transformants E. coli 

15 BL21(DE3)/pT14SSlS17SEG(HM 10311), E. coli 

BL21(DE3)/pT01S17SG(HM 10410), E. coli BL21(DE3)/pT017SG(HM 
10411) and E. coli BL21(DE3)/pBAD2M3VG(HM 10510) which were 
deposited witii Korean Culture Center of Microorganisms(KCCM)(Address; 
Department of Food Engineering, College of Eng., Yonsei University, 

20 Sodaemun-gu, Seoul 120-749, Republic of Korea) on March 24, 1999 under 
accession numbers KCCM-10154, KCCM-10151, KCCM-10152 and KCCM- 
10153, respectively, in accordance with the terms of the Budapest Treaty on the 
Intemational Recognition of the Deposit of Microorganism for the Purpose of 
Patent Procedure. 

25 The modified hG-CSF protein of the present invention may be 

produced by culturing the transformant microorganism to express the gene 
encoding the modified hG-CSF protein and secrete the modified hG-CSF, 
protein to periplasm; and recovering the modified hG-CSF protein from the 
periplasm. The transformant microorganism may be cultured in accordance 

30 with a conventional method(Sambrook et al., the supra). The microorganism 
culture may be centrifiiged or filtered to collect the microorganism secreting the 
modified hG-CSF protein. The transformed microorganism may be disrupted 
according to a conventional method(Ausubel, F. M. et al., Current Protocols in 
Molecular Biology , (1989)) to obtain a periplasmic solution. For example, the 

35 microorganism may be disrupted in a hypotonic solution, e.g., distilled water, 
by an osmotic shock. Recovery of the modified hG-CSF in the periplasmic 
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solution may be conducted by a conventional method(Sambrook et al., the 
supra), e.g., ion exchange chromatography, gel filtration column 
chromatography or immune column chromatography. For example, hG-CSF 
may be purified by sequentially conducting CM-Sepharose column 
5 chromatograph and Phenyl Sepharose column chromatography. 

The modified hG-CSF protein produced according to the present 
invention is not methionylated at the N-terminus and has biological activity 
which is equal to, or higher than, that of wild-type hG-CSF. Therefore, it may 
be used as is in various applications 
10 The following Examples are intended to fiirther illustrate the present 

invention without limiting its scope. 

Example 1 : Preparation of A Gene Encoding hG-CSF 

15 A cDNA gene encoding hG-CSF was prepared by carrying out PCR 

using as an hG-CSF template(R&D system, USA). The primers used are those 
described in US patent No. 4,810,643. 

To prepare a cDNA gene encoding mature hG-CSF, vector pUC19-G- 
CSF(Biolabs, USA) was subjected to PCR using the primers of SEQ ID NOS: 3 

20 and 4. The primer of SEQ ID NO: 3 was designed to provide an Ndel 
restriction site(5 -CATATG-3') upstream from the first ammo acid(threonine) 
codon of mature hG-CSF, and the primer of SEQ ID NO: 4, to provide a BamHI 
restriction site(5'-GGATCC-3') downstream from the termination codon thereof. 
The amplified hG-CSF gene was cleaved with Ndel and BamHI to 

25 obtain a gene encoding mature hG-CSF. The hG-CSF gene was inserted at the 
Ndel/BamHI section of vector pET14b(Novagen, USA) to obtam vector pT- 
CSF. 

Fig. 2 shows the above procedure for constructing vector pT-CSF. 



30 Example 2 : Construction of a vector containing the gene encoding E. coli 
enterotoxin II signal peptide and a modified hG-CSF 

(Step 1) Cloning E. coli enterotoxin II signal peptide gene 



35 



To prepare E. coli enterotoxin II signal peptide gene, the pair of 
complements^ oligonucleotides having SEQ ID NOS: 5 and 6 were designed 
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based on the nucleotide sequence of E. coli enterotoxin II signal peptide, and 
synthesized using DNA synthesizer(Model 3 SOB, Applied Biosystem, USA). 

The above oligonucleotides were designed to provide BspHI restriction 
site(complementary sites to an Ncol restriction sites) upstream from the 
5 initiation codon of E. coli enterotoxin II and an MIuI restriction site introduced 
by a silent change at the other end. 

Both oligonucleotides were annealed at 95 1C to obtain blunt-ended 
DNA fragments having a nucleotide sequence encoding E. coli enterotoxin II 
signal peptide(STII gene). 
10 The STn gene was inserted at the Smal site of vector pUC19(Biolabs, 

USA) to obtain vector pUC19ST. 

(Step 2) Preparation of a gene encoding STII/hG-CSF 

15 To prepare a gene encoding STII/hG-CSF, vector pT-CSF obtamed in 

Preparation Example 1 was subjected to PGR using the primers of SEQ ID 
NOS: 7 and 8. The primer of SEQ ID NO: 7 was designed to substitute Ser 
codon for the first codon of hG-CSF, and the primer of SEQ ID NO: 8, to 
provide a BamHI restriction site(5'-"GGATCC-3') downstream from the 

20 termination codon thereof. 

The amplified DNA fragments were cleaved with Mlul and BamHI, and 
then inserted at the MluI/BamHI section of pUC19ST obtained in Step 1 to 
obtain vector pUC19SlSG. Vector pUC19SlSG thus obtained contained a 
gene encoding an STII/hG-CSF(designated STII-hG-CSF gene). 

25 Vector pUC19SlSG was cleaved with BspHI and BamHI to obtain a 

DNA fragment(522 bp). The DNA fragment was inserted at the NcoI/BamHI 
section of vector pET14b(Novagen, USA) to obtain vector pTMSlSG. 

Fig. 3 depicts the above procedure for constructing vector pT14SlSG. 

30 (Step 3) Addition of E, coli enterotoxin II Shine-Dalgamo sequence to STII-hG- 
CSF gene 

Vector pTMSlSG obtained in Step 2 was subjected to PGR using the 
primers of SEQ ID NOS: 9 and 10. The primer of SEQ ID NO: 9 was 
35 designed to provide an E. coli enterotpxin II Shine-Dalgano 
sequence(designated STII SD sequence) and an Xbal restriction site, and the 
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primer of SEQ ID NO: 10, to provide a BamHI restriction site downstream from 
the termination codon of mature hG-CSF to obtain a DNA fragment(STII SD- 
STn-hCSF) containing a STH SD and STH-hG-CSF gene. 

The STn SD-STn-hG-CSF fragment was cleaved with Xbal and 
5 BamHI, and then inserted at the Xbal/BamHI section of vector 
pET14b(Novagen, USA) to obtain vector pT14SSlSG. 

Fig. 4 displays the above procedure for constructing vector pT14SSlSG. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pTMSSlSG to obtain a transformant designated E. coli HM 10310. 

10 

(Step 4) Construction of a vector containing a gene encoding STII/hG-CSF 
fusion protein 

The first codon of the modified hG-CSF gene of plasmid pTUSSlSSG 
15 obtained in Step 3 was replaced by Thr in accordance with a site-directed 
mutagenesis(Papworth, C. et al., Strategies. 9, 3(1996)), which was conducted 
by PGR of the plasmid with a sense primer(SEQ ID NO: 12) having a modified 
nucleotide sequence, a complementary antisense primer(SEQ ID NO: 13), and 
pfii(Stragene, USA). 

20 The amplified DNA fi:agment was recovered and restriction enzyme 

Dpnl was added thereto to remove unconverted plasmids. 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
plasmid. The base sequence of the DNA recovered from transformed colonies 
was determined, and thus obtained was plasmid pT14SSG which contained a 

25 gene having Thr in place of the first amino acid of hG-CSF(SEQ ID NO: 11). 

-5 -4 -3 -2 -1 +1 +2 +3 +4 +5 

Thr Asn Ala Tyr Ala Thr Pro Leu Gly Pro (SEQ ID NO: 11) 

- ACA-AAT-GK:C-TAC-(XX}-ACA-CCC-CTG-GGC-CCrr (SEQ ID NO: 12) 

30 - TOT-TTA--(XKr-ATG-CX5C-TGT-GGG-GAC-C(XJ-(5GA (SEQ ID NO: 13) 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pT14SSG to obtain a transformant designated E. coli HM 10301. 



35 
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10 

(Step 5) Construction of a vector containing a gene encoding modified STII 
/hG-CSF 

Vector pTHSSG obtained in Step 4 was subjected to PGR using the 
5 complementary primers of SEQ ID NOS: 15 and 16, which were designed to 
substitute Thr codon for the 4th codon of STII in accordance with the procedure 
of Step 4 to obtain a modified plasmid . 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
plasmid. The base sequence of the DNA recovered from transformed colonies 
10 was determined, and thus obtained was plasmid which contained a gene having 
Thr in place of the 4th amino acid of STn(SEQ ID NO: 14). 

Met Lys Lys Thr lie Ala Phe Leu (SEQIDNO: 14) 
5 ' -GG-IGT-m-ATG-AM-MG-ACA-ATC-GCA-TTT-CTT-^^ ' ( SEQ ID NO: 15 ) 
15 3 ' -CC-ACA-AAA-TAC-m-TrC-TGT-TAG-CGT-AAA-^AA-G-5 ' ( SEQ ID NO: 16) 

The plasmid thus obtained was cleaved with Xbal and Mlul, and then 
inserted at the Xbal/Mlul section of vector pTHSSG obtained in step 4 to 
obtain vector pT14SSG-4T. 

20 

(Step 6) Construction of a vector containing a gene encoding modified STII 
/hG-CSF 

Vector pT14SSG-4T obtained in Step 5 was subjected to PCR using the 
25 complementary primers of SEQ ID NOS: 18 and 19, which were designed to 
substitute Gin codon for the 22nd codon of STII in accordance with the 
procedure of Step 4 to obtain a modified plasmid. 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
plasmid. The base sequence of the DNA recovered from transformed colonies 
30 was determined, and thus obtained was plasmid pT14SSG-4T22Q which 
contained a gene having Gin in place of the 22nd amino acid of STII(SEQ ID 
NO: 17). 



ASN Ala Gin Ala Thr Pro Leu Gly (SEQIDNO: 17) 
35 5'-CA-AAT-GCC-CAA-GCG-ACA-CCC-CTG-GGC-3' (SEQIDNO: 18) 
3 • -GT-TTA-CGG-Grr-CGC-TGT-GGG-GAC-CCG-5 ' (SEQ ID NO: 19) 
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(Step 7) Construction of a vector containing a modified STII SD and a gene 
encoding modified STII /hG-CSF 

5 Vector pT14SSG-4T22Q obtained in Step 6 was subjected to PCR using 

the complementary primers of SEQ ID NOS: 20 and 21 in accordance with the 
procedure of Step 4 to obtain vector pT140SSG-4T22Q having the six 
nucleotide sequences between the STII SD sequence(GAGG) and the initiation 
codon of STII(modified STU SD of SEQ ID NO: 71). 
10 Fig. 5 represents the above procedure for constructing vector 

pT140SSG-4T22Q. 

E. coli BL21(DE3) was transformed with vector pT140SSG-4T22Q to 
obtain a transformant designated E. coli HM 10302. 

15 Example 3 : Construction of a vector containing a gene encoding modified hG- 
CSF 

To prepare a modified hG-CSF gene, SI oligomer(SEQ ID NO: 22) 
having E. co/i-preferred codons and Ser in place of the 17th amino acid of hG- 
20 CSF and ASl oligomer(SEQ ID NO: 23) were synthesized using DNA 
synthesizer(Model 3 SOB, Applied Biosystem, USA). 

0.5 iiJL{50 pmole) quantities of the oligonucleotides were reacted at 
95 1C for 15 min. and kept until 35 TC for 3 hours. The mixture was 
precipitated in ethanol and subjected to gel electrophoresis(SDS-PAGE) to 
25 obtain a cohesive ended double strand(ds) oligomer. 

The plasmid pT14SSlSG obtained in step 3 of Example 2 was cleaved 
with Apal and BstXI, and then ligated with the adhesive-ended ds oligomer, to 
obtain vector pT14SSlS17SEG, Vector pT14SSlS17SEG contained a gene 
encoding hG-CSF having E, co//-preferred codons at the amino terminus and 
30 Ser in place of the 1st and 17th amino acids of hG-CSF, respectively. 

Fig. 6 illustrates the above procedure for constructing vector 
pT140SSlS17SEG. 

E. coli BL21(DE3) was transformed with vector pT14SSlS17SEG to 
obtain a transformant designated E. coli HM 10311, which was deposited with 
35 Korean Culture Center of Microorganisms(KCCM) on March 24, 1999 under 
accession number KCCM- 10154, 



wo 01/04329 PCT/KROO/00733 

12 



Example 4 : Construction of vector containing a gene encoding E, coli OmpA 
signal peptide and modified hG-CSF 

A vector containing a gene encoding Tac promoter and OmpA signal 
5 peptide(SEQ ID NO: 24) as well as a gene encoding modified hG-CSF was 
prepared as follows: 



Met-Lys-Lys-Thr-Ala-Ile-Ala-Ile-Ala-Val-Ala-Leu-Ala-Gly^Phe-Ala- 
Thr-Val-Ala-Gln-Ala- (SEQ ID NO: 24) 

10 ~GTT-GCG-CAA-GCT--TCT-CGA-- (SEQ ID NO: 25) 

"-CAA-CGC-GTT-CGA-AGA-GCT~ (SEQ ID NO: 26) 

Hindlll restriction site 



Vector pT-CSF obtained in Example 1 was subjected to PCR using a 
15 primer(SEQ ID NO: 27) designed to substitute Ser codon for the 1st codon of 
hG-CSF and another primer(SEQ ID NO: 28), to provide an EcoRI restriction 
site(5'-GAATTC-3') downstream from the termination codon thereof to obtain a 
DNA fragment containing a gene encoding modified hG*CSF . 

The DNA fragment was cleaved with Hindlll and EcoRI, and then 
20 inserted at the Hindm/EcoRI section of vector pFlag.CTS(Eastman, USA) to 
obtain vector pTOlSG which contained a gene encoding E. coli OmpA signal 
peptide and modified hG-CSF(SEQ ID NO: 29). 

Fig. 7 exhibits the above procedure for constmcting vector pTOlSG. 
E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
25 pTO 1 SG to obtain a transformant designated E. coli HM 1 0409. 

Example 5 : Construction of a vector containing a gene encoding E. coli OmpA 
signal peptide and modified hG-CSF 



30 The first codon of the modified hG-CSF gene of plasmid pTOlSG 

obtained in Example 4 was replaced by Thr in accordance with site-directed 
mutagenesis(Papworth, C. et al.. Strategies . 9, 3(1996)), by conducting PCR of 
the plasmid pTOlSG obtained in Example 4 with a sense primer(SEQ ID NO: 
30) designed to substitute Thr codon for the 1st codon of hG-CSF and a 

35 complementary antisense primer(SEQ ID NO: 31). 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
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plasmid. The base sequence of the DNA recovered from transformed colonies 
was determined, and thus obtained plasmid pTOG which contained a gene 
having Thr in place of the first amino acid of hG-CSF. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
5 pTOG to obtain a transformant designated E, coli HM 10401 . 

Example 6 : Production of modified hG-CSFs 

(a) Production of [Serl, Serl7] hG-CSF 

10 Vector pTOlSG obtained in Example 4 was subjected to PGR using a 

sense primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th 
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in 
accordance with the procedure of Step 4 of Example 2 to obtain a modified 
plasmid. 

15 E. coli XL-1 blue(Novagen, USA) was transformed with the modified 

plasmid. The base sequence of the DNA recovered fi-om transformed colonies 
was determined and thus obtained was plasmid pTOlSlTSG which contained a 
gene having Ser in place of the 1st and 17th amino acids of hG-CSF. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 

20 pTOlSnSG to obtain a transformant designated E. coli HM 10410, which was 
deposited with Korean Culture Center of Microorganisms(KCCM) on March 24, 
1999 under accession number KCCM- 10151. 

(b) Production of [Serl 7] hG-CSF 

25 Vector pTOG obtained in Example 5 was subjected to PCR using a 

sense primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th 
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in 
accordance with the procedure of Step 4 of Example 2 to obtain a modified 
plasmid. 

30 E. coli XL-1 blue(Novagen, USA) was transformed with the modified 

plasmid. The base sequence of the DNA recovered from transformed colonies 
was determined, and thus obtained was plasmid pT017SG which contained a 
gene having Ser in place of the 17th amino acid of hG-CSF. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 

35 pT017SG to obtain a transformant designated E, coli HM 10411, which was 
deposited with Korean Culture Center of Microorganisms(KCCM) on March 24, 
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1 999 under accession number KCCM- 1 0 1 52. 

(c) Production of [Thrl7] hG-CSF 

Vector pTOG obtained in Example 5 was subjected to PGR using a 
5 sense primer(SEQ ID NO: 34) designed to substitute Thr codon for the 17th 
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 35) in 
accordance with the procedure of Step 4 of Example 2 to obtain a modified 
plasmid. 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
10 plasmid. The base sequences of the DNA recovered from transformed 
colonies was determined, and thus obtained was plasmid pT017TG which 
contained a gene having Thr in place of the 17th amino acid of hG-CSF. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pTOlTTG to obtain a transformant designated E. coli HM 10413. 

15 

(d) Production of [Alal7] hG-CSF 

Vector pTOG obtained in Example 5 was subjected to PGR using a 
sense primer(SEQ ID NO: 36) designed to substitute Ala codon for the 17th 
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 37) in 
20 accordance with the procedure of Step 4 of Example 2 to obtain a modified 
plasmid. 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
plasmid. The base sequence of DNA recovered from transformed colonies 
was determined, and thus obtained was plasmid pT017AG which contained a 
25 gene having Ala in place of the 17th amino acid of hG-CSF. 

E, coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pT017AG to obtain a transformant designated E. coli HM 10414. 

(e) Production of [Glyl7] hG-CSF 

30 Vector pTOG obtained in Example 5 was subjected to PGR using a 

sense primer(SEQ ID NO: 38) designed to substitute Gly codon for the 17th 
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 39) in 
accordance with the procedure of Step 4 of Example 2 to obtain a modified 
plasmid. 

35 E. coli XL-1 blue(Novagen, U5A) was transformed with the modified 

plasmid. The base sequence of the DNA recovered from transformed colonies 
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was determined, and thus obtained was plasmid pTOlTGG which contained a 
gene having Gly in place of the 17th amino acids of hG-CSF. 

E. coll BL21(PE3)(Stratagene, USA) was transfomied with vector 
pT017GG to obtain a transformant designated E, coli HM 10415. 

5 

(f) Production of [Asp 17] hG-CSF 

Vector pTOG obtained in Example 5 was subjected to PGR using a 
sense primer(SEQ ID NO: 40) designed to substitute Asp codon for the 17th 
codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 41) in 
10 accordance with the procedure of Step 4 of Example 2 to obtain a modified 
plasmid. 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
plasmid. The base sequence of the DNA recovered from transformed colonies 
was determined, and thus obtained was plasmid pT017APG which contained a 
15 gene having Asp in place of the 17th amino acids of hG-CSF. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pT017APG to obtain a transformant designated E. coli HM 10416. 

Example 7 : Construction of a vector containing a gene encoding E, coli Gene 
20 in signal peptide and modified hG*CSF 

(a) Construction of a vector containing a gene encoding arabinose promoter and 
E, coli Gene III signal peptide 

25 A vector containing a gene encoding arabinose promoter and E. coli 

Gene HI signal peptide(SEQ ID NO: 42) as well as a gene encoding modified 
hG-CSG was prepared as follows: 

Me t -Lys-^Lys-Leu-Leu-Phe-A 1 a- 1 1 e-"Pr o-Leu-Va 1 -Va 1 -Pr o~ 
30 Phe~Tyr-Ser-His-Ser- (SEQ ID NO: 42) 

-TAT-AGC-CAT-AGC-ACC-ATG-GAG- (SEQ ID NO: 43) 

-ATA-TCG-GTA-TCG-TGG-TAC-CTC- (SEQ ID NO: 44) 

Ncol restriction site 



35 Plasmid pBAD • gIIIA(Invitrogen, USA) containing a gene encoding 

arabinose promoter and Gene III signal peptide was cleaved with Ncol, and 
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single stranded DNAs were removed with Klenow DNA polymerase to obtain a 
blunt-ended double stranded DNA, which was then cleaved with Bglll to obtain 
a vector fragment having both blimt end and a cohesive end. 

Vector pT-CSF obtained in Example 1 was subjected to PCR using a 
5 sense primer(SEQ ID NO: 46) having a nucleotide sequence coding for the 2nd 
to the 9th amino acids of hG-CSF(SEQ ID NO: 45) and a complementary 
antisense primer(SEQ ID NO: 47) in accordance with the procedure of Step 4 of 
Example 2 to obtain a blimt-ended DNA fragment containing hG-CSF gene and 
a BamHI restriction site in the carboxy terminus. The fragment then was 
10 cleaved with BamHI to obtain hG-CSF gene fragment having both a blunt end 
and a cohesive end. 



Pro Leu Gly Pro Ala Ser Ser Leu (SEQIDN0 45) 

5 ' h:~CCC-CTG-GGC-CCT-GCC-AGC-TCC-CTG-3 ' (SEQ ID NO 46) 
15 3' -G-GGG-GAC-CCG-GGA-CGG~TCG-AGG-GAC-5' (SEQ ID NO 47) 

The hG-CSF gene fragment as inserted into the vector obtained above 
to obtain vector pBADG which contained a gene encoding E. coli Gene III 
signal peptide and hG-CSF(SEQ ID NO: 48). 
20 Fig. 8 describes the above procedure for constructing vector pB ADG. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pBADG to obtain a transformant designated E. coli HM 10501. 



(b) Production of [Met2, Val3] hG-CSF 

25 

Plasmid pBAD • gIIIA(Invitrogen, USA) was cleaved with Ncol and 
Bglll to obtain a fragment having two cohesive ends. 

Vector pT-CSF obtained in Example 1 was subjected to PCR using a 
sense primer(SEQ ID NO: 50) having a nucleotide sequence coding for the 1st 

30 to the 9th amino acids of [Met2, Val3] hG-CSF(SEQ ID NO: 49) and a 
complementary antisense primer(SEQ ID NO: 51) in accordance with the 
procedure of Step 4 of Example 2 to obtain a blimt-ended DNA fragment 
containing hG-CSF gene and a BamHI restriction site in the carboxy terminus, 
which was then was cleaved with Neol and BamHI to obtain a hG-CSF gene 

35 fragment having two cohesive ends. 
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Thr Met Val Gly Pro Ala Ser Ser Leu (SEQIDNO:49) 

5 ' -TAC-Ga^TCC-AT(r^ ' (SEQ ID NO: 50) 

3 • -ATG-CGC-AG(r-TAC-K:ACK:CG-a5A-C(XJ-TCG-AG ' (SEQ ID NO: 5 1) 
5 Ncol restriction site 

The hG-CSF gene fragment was inserted into the vector obtained above 
to obtain vector pBAD2M2VG contained a gene coding coli Gene III signal 
peptide, and Met and Val in place of the 2nd and 3rd amino acids of hG- 
10 CSF(SEQ ID NO: 52), respectively. 

Fig. 9 shows the above procedure for constructing vector 
pBAD2M3VG. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pBAD2M3VG to obtain a transformant designated E, coli HM 10510, which 
15 was deposited with Korean Culture Center of Microorganisms(KCCM) on 
March 24, 1999 imder accession number of KCCM- 10153. 

(c) Production of [Ser 17] hG-CSF 

20 Vector pBADG obtained in (a) was subjected to PCR using a sense 

primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th codon of 
hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in accordance 
with the procedure of Step 4 of Example 2 to obtain a modified plasmid. 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 

25 plasmid. The base sequence of the DNA recovered from transformed colonies 
was determined, and thus obtained was plasmid pBAD17SG which contained a 
gene having Ser in place of the 17th amino acid of hG-CSF. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pB AD 1 7SG to obtain a transformant designated E. coli HM 1 05 1 1 • 

30 

(d) Production of [Met2, Val3, Serl7] hG-CSF 

Vector pBAD2M3VG obtained in (b) was subjected to PCR using a 
sense primer(SEQ ID NO: 32) designed to substitute Ser codon for the 17th 
35 codon of hG-CSF and a complementary antisense primer(SEQ ID NO: 33) in 
accordance with the procedure of Step 4 of Example 2 to obtain a modified 
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plasmid 

E. coli XL-1 blue(Novagen, USA) was transformed with the modified 
plasmid. The base sequence of the DNA recovered from transformed colonies 
was determined, and thus obtained was plasmid pBAD2M3V17SG which 
5 contained a gene having Met, Val and Ser in place of the 2nd, 3rd and 17th 
amino acids of hG-CSF, respectively. 

E. coli BL21(DE3)(Stratagene, USA) was transformed with vector 
pBAD2M3V17SG to obtain a transformant designated E. coli HM 10512, 

10 Example 8 : Production of hG-CSF 

Transformants prepared in Examples 2 to 7 were cultured in LB 
medium(l% bacto-tryptone, 0.5% bacto-yeast extract and 1% NaCl) and then 
incubated in the presence of an expression inducer(IPTG) for 3 hours or 

15 cultured in the absence of IPTG more than 15 hours. Each of the cultures was 
centrifuged at 6,000 rpm for 20 min. to precipitate bacterial cells, and the 
precipitate was suspended in a 1/10 volume of isotonic solution(20 % sucrose, 
10 mM Tris-Cl buffer solution containing 1 mM EDTA, pH 7.0). The 
suspension was allowed to stand at room temperature for 30 min, and then 

20 centrifuged at 7,000 rpm for 10 min. to collect bacterial cells. The cells were 
resuspended in D.W. at 4 1C and centrifuged at 7,000 rpm for 10 min. to obtain 
a supematant as a periplasmic solution. The hG-CSF level in the periplasmic 
solution was assayed in accordance with ELISA method(Kato, K. et al., J. 
Immunol.. 116 . 1554(1976)) using an antibody against hG-CSF( Aland, USA), 

25 which was calculated as the amount of hG-CSF produced per \ i of culture. 
The results are shown in Table L 
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Table 1 



Transformant 


Example 


Expression Vector 


hG-CSF Level 

in periplasin(ing/£ ) 


HM 10301 


2(Step 4) 


pT14SSG 


65 


HM 10302 


2(Step 7) 


pT140SSG-4T22Q 


277 


HM 10310 


2(Step 3) 


pTMSSlSG 


92 


HM 10311 


3 


PT14SS1S17SEG 


1,512 


HM 10401 


5 


pTOG 

* 


85 


HM 10409 


4 


pTOlSG 


105 


HM 10410 


6(a) 


pTOlSnSG 


1,477 


HM 10411 


6(b) 


pT017SG 


1,550 


HM 10413 


6(c) 


pT017TG 


1,373 


HM 10414 


6(d) 


pT017AG 


1,486 


HM 10415 


6(e) 


pT017GG 


1,480 


HM 10416 


6(f) 


pT017APG 


67 


HM 10501 


7(a) 


pBADG 


54 


HM 10510 


7(b) 


pBAD2M3VG 


69 


HM 10511 


7(c) 


pBAD17SG 


937 


HM 10512 


7(d) 


pBAD2M3V17SG 


983 



Example 9 : Purification of hG-CSF 

5 

Transformant E. coli HM 10411 prepared in Example 6(b) was cultured 
in LB medium and the culture was centrifuged for 6,000 rpm for 20 min. to 
harvest cells. The periplasmic solution was prepared from the cells by 
repeating the procedure of Example 8. 

10 The periplasmic solution was adjusted to pH 5.0 to 5.5, adsorbed on a 

CM-Sepharose(Pharmacia Inc., Sweden) column pre-equilibrated to pH 5.3, and 
then, the column was washed with 25 mM NaCl. hG-CSF was eluted by 
sequentially adding to the column buffer solutions containing 50mM, lOOmM 
and 200mM NaCl, and fractions containing hG-SCF were collected and 

15 combined. 

The combined fractions were subjected to Phenyl Sepharose(Pharmacia 
Inc., Sweden) colunm chromatography to obtain [Serl7] hG-CSF having a 
purity of 99%. 
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Further, the above procedure was repeated using each of the 
transformants E. coli HM 10311, HM 10409, HM 10411, HM 10413, HM 
10414, HM 10415, HM 10510 and HM 10512 prepared in Examples 3, 4, 6(b), 
6(c), 6(d), 6(e), 7(b) and 7(d), respectively. 
5 Each of the purified hG-CSF fraction was subjected to sodium 

dodecylsulfate polyacrylamide gel electrophoresis(SDS-PAGE) to determine the 
purity and approximate concentration of the hG-CSF, and then subjected to 
ELISA to determine tlie exact hG-CSF concentration in the periplasmic solution. 
Met-hG-CSF(Kirin amgen) was used as a control. 

10 Fig. 10a reproduces the SDS-PAGE result, wherein lane 1 shows Met- 

G-CSF, lane 2, the periplasmic solution of the transformant E, coli HM 10411, 
and lane 3, the purified [Serl7] hG-CSF. As can be seen from Fig. 10b, the 
molecular weight of [Serl7] hG-CSF is the same as that of wild-type hG-CSF 
and the periplasmic solution of the transformant E. coli HM 10411 contains a 

15 high level of [Serl7] hG-CSF. 

Further, the N-terminal amino acid sequences of hG-CSFs were 
determined and the nucleotide sequences coding for the 1st to 32nd amino acids 
produced using the transformants HM 10311, HM 10409, HM 10411, HM 
10413, HM 10414, HM 10415, HM 10510 and HM 10512 shown in SEQ ID 

20 NOS: 56, 58, 60, 62, 64, 66, 68 and 70, respectively. The result shows that the 
modified hG-CSF produced according to the present invention is not 
methionylated at N-terminus. 

A nitrocellulose filter (Bio-Rad Lab,, USA) was wetted with a buffer 
solution for blotting(170 mM glicine, 25mM Tris • HCl(pH 8), 20% methanol) 

25 and the proteins separated on the gel were western blotted onto a nitrocellulose 
filter(Bio-Rad Lab., USA.) for 3 hours. The filter was kept in 1% Casein for 1 
hour and was washed three times with PBS containing 0.05% Tween 20. The 
filter was put in a goat anti-G-CSF antibody(R&D System, AB.214-NA, USA) 
solution diluted with PBS and reacted at room temperature for 2 hours. After 

30 reaction, the filter was washed 3 times with a PBST solution to remove 
unreacted antibody. Horseradish peroxidase-conjugated rabbit anti-goat 
IgG(Bio-Rad Lab., USA) diluted with PBS was added thereto and reacted at 
room temperature for 2 hour . The filter was washed with PBST, and a 
peroxidase substance kit(Bio-Rad Lab., USA) solution was added thereto to 

35 develop a color reaction. The results from the above western blotting are 
shown in Fig. 10b, wherein lane 1 represents a positive control, Met-G-CSF, 
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and lane 2, purified [Serl7] hG-CSF. As can be seen fi-om Fig. 10b, the 
molecular weight of [Serl7] hG-CSF equals that of wild-type hG-CSF. 

Example 10 : Cellular Activity of hG-CSF and Modified hG-CSF 

5 

Cell line HL-60(ATCC CCL-240 derived fi-om the bone marrow of a 
promyelocj^ic leukemia patient/a white 36-year-old woman) was cultured in 
RPMI 1640 media containing 10% fetal bovine serum and adjusted to 2.2 X 10^ 
cells/M, followed by adding thereto DMSO(dimethylsulfoxide, culture 
10 grade/SIGMA) to a concentration of 1.25%(v/v). 90 id of the resulting 
solution was added to a 96 well plate(Coming/low evaporation 96 well plate) in 
an amoimt of 2 X 10"* cells/well and incubated at 37 xmder 5% C02 for 48 
hours. 

Each of the modified [Alal7] hG-CSF, [Gly 17] hG-CSF, [Serl7] hG- 
15 CSF, and [Thr 17] hG-CSF was diluted in RPMI 1640 media to a concentration 
of 500 ng/Die and then serially diluted 10 tunes by 2-fold with RPMI 1640 
media. 

The resulting solution was added to wells at 10 per well and 
incubated at 37 *C for 48 hours. As a positive control, a commercially 
20 available hG-CSF(Jeil Pharmaceutical.). 

The level of cell line increased was determined using a commercially 
available CellTiter96'^(Cat # G4100, Promega) based on the measured optical 
density at 670 nm. 

As can be seen fi-om Fig. 1 1, the cellular activities of the modified hG- 
25 CSFs are the same as, or higher than of that the positive control, wild-type hG- 
CSF. 

While the embodiments of the subject invention have been described 
and illustrated, it is obvious that various changes and modifications can be 
made therein without departing from the spirit of the present invention which 
30 should be limited only by the scope of the appended claims. 
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BUDAPEST TREATY ON THE INTERNATION/\L 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

IhfTERNATIONAL FORM 



Hanmi Pharm. Co.. Ltd 

#893-5 Hajeo-ri Paltan-myun 

Hwasuhg-Kun 

Kyonggi-do, 

KOREA 



RECEIPT IN THE CASE OF AN ORIGINAL 
issued pursuant to Rule 7. 1 by the 
INTERNAT10N/^L DEPOSITARY AUTHORITY 
identiiied at the bottom of this page 



I . IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITOR : 

HM103U 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

KCCM-10154 



n . SCIENTIFIC DESCRIPTION AND/OR PROPOSED Ty\XONOMIC DESIGNATION 



The microorganism identified under I above was accompanied by: 

□ a scientific description 

□ a proposed taxonomic designation 
(Mark with a cross where applicable) 



in. RECEIPT AND ACCEPTANCE 



This International Depositary Authouity accepts the microorganism identified under I above, which was 
receded by it on March. 24. 1999 .(date of the original deposit) ' 



JV. INTERNATIONAL DEPOSITARY AUTHORITY 



Name : Korean Culture Center of Microorganisms 

i\ddress : Department of Food Engineering 
College of Eng. Yonsei Unwersity 
Sodaemun-gu. Seoul 120-749 
Korea 



Signature (s) of person (s) having the power 
to represent the Intemadonal Depositary 
Authority of of authouized ogiciaKs) 



Date: ApriL 6. 1999 



1 Where Rule 6. 4 (d) appUes. such date is the date on which the status of iJ»tlffiaWKSr="aep8sitary authority 
u-as acquired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i 
nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is the 
date on which the microorganism was received by the International depositary authouity. 
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BUDAPEST TREATY ON THE INTERNATION/AL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



To- Hanmi Pharm. Co., Ltd 

#893-5 Hajeo-ri Paltan-myun RECEIPT IN THE CASE OF AN ORIGINAL 



Hwasung-Kun 

Kyonggi-do, 

KOREA 

L. J 


Issued pursuant to Rule 7. 1 by the 
INTERNATIONAL DEPOSIT/\RY AUTHORITY 
identified at the bottom of this page 


I . IDENTIFICATION OF THE MICROORGANISM 


Identification reference given by the 


Accession number gh'en by the 


DEPOSITOR : 


INTERNATIONAL DEPOSITARY AUTHORITY: 


HM10410 


KCCM-10151 


• 

n. SCIENTIFIC DESCRIPnON AND/OR PROPOSED TAXONOMIC DESIGNATION 


The microorganism identified under I above was accompanied by: 


' □ a scientific descripdon 




□ a proposed taxonomic designation 




(Mark vnth a cross where applicable) 




ffl. RECEIPT AND ACCEPTANCE 


This International Depositary Authouity accepts the microorganism identified under I above, which was 


received by it on March. 24. 1999 (date of the original .deposiO * 


A^. INTERNATIONAL DEPOSITARY AUTHORTIY 


Name • Korean Culture Center of Microorganisms 


Signature (s) of person (s) ha^ng the power 
to represent the International Depodtary 


Address - Department of Food Engineering 
College of Eng. Yonsei Unwersity 
Sodaemtm-gu. Seoul 120-749 
Korea 


Authority of of ^^^^'^^'vv^,x^ft\Q^\L'^,m^ « 
Date: April. 6. 1999 i||g|fgj 



y ■ . ^ ; ; ^ ! I *^ 7^ 



1 Where Rule 6. 4 (d) applies, such date is the date on which the status of international depositary authority 
was acquired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i 
ntemationa! depositary authority is converted into a deposit under the Budapest Treaty, such ciate is the 
date on which the microorganism was received by liie international depositary authouity. 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNmON OF THE DEPOSIT OF MICROORGANISMS 
FOR' THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



To. 



Hanmi Fnarm. Co.. Ltd 

#893-5 Hajeo-ri Paltan-myun 

Hwasung-Kun 

Kyongfij-do. 

KOREA 



RECEIPT IN THE CASE OF AN ORIGINAL 
issued pursuant to Rule 7. 1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I . IDENTIFICATION OF THE MICROORGANISM 



Idendfication reference given by the 
DEPOSITOR : 

HMiaill 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORTTY: 

KCCM-10152 



D. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism identified under I above was accompanied by^ 

□ a scientific description 

□ a proposed taxonomic designation 
(Mark with a cross where applicable) 



m. RECEIPT AND ACCEPTANCE 



This international Depositary Authouity accepts the microorganism identified under I above, which was 
receh'ed by it on March. 24. 1999 (date of the original deposiO * 



IV. INTERNATIONAL DEPOSITARY AUTHORTTY 



Name Korean Culture Center of Microorganisms 

Address : Department of Food Engineering 
College of Eng. Yonsei Unhrersity 
Sodaemun-gu, Seoul 120-749 
Korea . 



Signature (s) of person (s) having the power 
to represent the International Depositary 
Authority of of authouiz M official fs) : 



Date: AptiL 6. 1999 {S-'jIjjcgJ 



I Where Rule 6.4(d) applies, such date is the date 
was acquired • where a deposit made outside the 
ntemational depositary authority is converted into a 
date on which the microorganism was received by the 



on which the status of international ' "clepositary authority 
Budapest Treaty after the acquisition of the status of i 
deposit under the Budapest Treaty, such date is the 
international depositary authouity. 
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



To. Hanmi Pharm. Co. , Ltd 
#893-5 Hajeo-ri Paltan-myun 

Hwasung'Kun 

Kyonggi-do, 

KOREA 



RECEIPT IN THE CASE OF AN ORIGINAL 
issued pursuant to Rule 7. 1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I . IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITOR : 

HM10510 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

KCCM- 10153 



n. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism identified under I above was accompanied by: 

□ a scientific description 

□ a proposed taxonomic designation 
(Mark with a cross where applicable) 



m. RECEIPT AND ACCEPTANCE 



This International Depositary Authouity accepts the microorganism identified under I above, which was 
receK'ed by it on March. 24. 1999 (date of the original deposit) * 



IV. INTERNATIONAL DEPOSITARY AUTHORTIY 



Name • Korean Culture Center of Microorganisms 

Address : Department of Food Engineering 
College of Eng. Yonsei University 
Sodaemun-gu. Seoul 120-749 
Korea 



Signature (s) of person (s) haWng the power 
to represent the International Depositary 
Authority of of authQiny^ J (pffiH^I ,^^) : 



Date: April. 6. 



5i 



1 Where Rule 6. 4 (d) applies, such date is the date on which the status of international depositary authority 
was acquired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i 
ntemational depositary authority is converted into a deposit under the Budapest Treaty, such date is the 
date on which the microorganism was received by the international depositary authouity. 
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What is claimed is : 

1. A modified human granulocyte-colony stimulating factor(hG- 
CSF) which is characterized in that at least one of the 1st, 2nd, 3rd and 17th 
5 amino acids of wild-type hG-CSF(SEQ ID NO: 2) is replaced by other amino 
acid(s). 



2. The modified hG-CSF of claim 1 whose amino acid sequence is 
the same as that of wild-type hG-CSF, except that 

10 (a) the 1st amino acid is Ser; 

(b) the 1st amino acid is Ser and the 17th amino acid is X; 

(c) the 2nd amino acid is Met and the 3rd amino acid is Val; 

(d) the 2nd amino acid is Met, the 3rd amino acid is Val and the 17th 
amino acid is X; or 

15 (f) the 17th amino acid is X, 

wherein X is an amino acid which is not charged at neutral pH. 

3. The modified hG-CSF of claim 2, wherein X is Ser, Thr, Ala or 

Gly. 

20 

4. The modified hG-CSF of claim 3, wherein X is Ser. 



5. A DNA encoding the modified hG-CSF of any one of claims 1 

to 4. 

25 

6. The DNA of claim 5, wherein the 1st to the 60th nucleotide 
sequence of the modified hG-CSF DNA corresponds to one selected fi*om the 
group consisting of SEQ ID NOS: 55, 57, 59, 61, 63, 65, 67 and 69. 

30 7. An expression vector comprising the DNA of claim 5. 



8. The expression vector of claim 7, which further comprises a 
polynucleotide encoding a signal peptide attached at the 5 '-end of the DNA 
encoding the modified hG-CSF. 

35 



9. 



The expression vector of claim 8, wherein the signal peptide is 



wo 01/04329 



27 



PCT/iCROO/00733 



E, coll thermoresistant enterotoxin II signal peptide or modified E. coli 
ihermoresistant enterotoxin n signal peptide. 

10. The expression vector of claim 9, wherein the E. coli 
5 thermoresistant enterotoxin II signal peptide has the amino acid sequence of 

SEQ ID NO: 53, 

11. The expression vector of claim 9, wherein the modified E. coli 
thermoresistant enterotoxin II signal peptide has the amino acid sequence of 

10 SEQ ID NO: 54. 

12. The expression vector of claim 9, which further comprises a 
modified E, coli enterotoxin II Shine-Dalgano sequence having the nucleotide 
sequence of SEQ ID NO: 71. 

15 

13. The expression vector of claim 8, wherein the signal peptide is 
E, coli beta lactamase signal peptide or modified E. coli beta lactamase signal 
peptide. 

20 14, The expression vector of claim 13, wherein tiie £. coli beta 

lactamase signal peptide has the amino acid sequence of SEQ ID NO: 24. 

15. The expression vector of claim 8, wherein the signal peptide is 
E. coli Gene III signal peptide or modified E. coli Gene III signal peptide. 

25 

16. The expression vector of claim 15, wherein the E. coli Gene III 
signal peptide has the amino acid sequence of SEQ ID NO: 42. 

17. The expression vector of claim 7 or 8, which is pT14SSlSG, 
30 pT14SSlS17SEG, pTOlSG, pT01S17SG, pT017SG or pBAD2M3V17SG. 

18. A microorganism transformed Avith the expression vector 
according to claim 7 or 8. 



35 



19. The microorganism of claim 18, which is a transformed E. coli. 
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20. The microorganism of claim 19, wherein the transformed E. 
coll is E. coli BL21(DE3)/pT14SSlSG(HM 10310), E. coli 
BL21(DE3)/pT14SSlS17SEG(HM 10311, KCCM-10154), E. coli 
BL21(DE3)/pT01SG(HM 10409), co/i BL21(DE3)/pT01S17SG(HM 10410, 

5 KCCM-10151), E. coli BL21(DE3)/pT017SG(HM 10411, KCCM-10152), E. 
coli BL21(DE3)/pT017TG(HM 10413), E. coli BL21(DE3)/pT017AG(HM 
10414), E. coli BL21(DE3)/pT017GG(HM 10415), E. coli 
BL21(DE3)/pBAD2M3VG(HM 10510, KCCM-10153), E. coli 
BL21(DE3)/pBAD17SG(HM 10511) or E. coli 

10 BL21(DE3)/pBAD2M3V17SG(HM 10512). 

21. A process for producing a modified hG-CSF in microorganism 
which comprises culturing the transformed microorganism of claim 18 to 
produce and secrete the modified hG-CSF to periplasm. 

15 
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Fig. 1 



TPLGPASSLPQSFLLK 
aca ccc ctg ggc cct gcc age tec etg ecc cag age tte ctg etc aag 

CLEQVRKIQGD6AALQ 
tge tta gag eaa gtg agg aag ate eag ggc gat ggc gca gcg etc cag 

EKLCATYKLCHPEELV 
gag aag etg tgt gcc ace tac aag ctg tge cac ccc gag gag ctg gtg 

LLGHSL6 I PWAPLSSC 
ctg etc gga cac tet etg ggc ate ecc tgg get ccc ctg age tec tge 

PSQALQLAGCLSQLHS 
ccc age eag gee etg eag ctg gca ggc tge ttg age eaa etc eat age 

GLFLYQGLLQALEGIS 
ggc ett tte etc tac eag ggg etc ctg eag gee ctg gaa ggg ata tec 

PELGPTLDTLQLDVAD 
ccc gag ttg ggt ccc ace ttg gae aca etg cag ctg gae gte gee gac 

FATTIWQQMEELGMAP 
ttt gee ace ace ate tgg eag eag atg gaa gaa ctg gga atg gcc cct 

ALQPTQGAMPAFASAF 
gee ctg cag ccc acc eag ggt gcc atg ceg gee tte gcc tet get tte 

QRRAGGVLVASHLQSF 
eag egc egg gca gga ggg gte etg gtt get age eat ctg eag age tte 

LEVSYRVLRHLAQP 
ctg gag gtg teg tac egc gtt eta cge cac ett gcg cag ecc 
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Fig. 2 
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Fig. 3 



Synthetic Oligonulceotide 
BspHI STII Mlull 



Smal cleavage 



ligation 



^ ^ BspHI 

^STII 

fpUC19ST^'^'a"^HI 



Mlul & BamHI 
cleavage 



^Smal 

( pUC19 j 

pT-CSF 
I PGR 



Mlul G-CSF BamHH 



ligation 



Mlul & BamHI cleavage 




^ -v^BamHI 

^Ncol 
f pET-14b J 



B spHI 



BspHI & BamHI 
cleavage 

BamHI 



STII I G-CSF I 



L 



ligation 



T 



Ncol & 
BamHI 
cleavage 




BamHI 
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Fig. 4 



PGR 



Xbal & BamHI 
cleavage 



Xbal 



BamHI 



ISTIISDI STH I G-CSF 1 



ligation 



e BamHI 



Xbal 



Xbal & BamHI 
cleavage 
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Fig. 5 



0VSTII-CSF 



PGR using following oligonucleotides: 

5 ' -GGTGTTTTATGAAAAAGACAATCGCATTTCTTC-3 
, , 3 ' -CCACAAAATACTTTTTCTGTTAGCGTAAAGAAG-5 

I Xbal & Mlul cleavage 
Xbal Mlul 



I STII SD 1 STi 



Xbal & Mlul cleavage 



ligation 
PT14SSG-4T 



PGR using following oligonucleotides: 

5 ' -CAAATGCCCAAGCGACACCCCTGGGC-3 ' 
3 ' -GTTTACGGGTTCGCTGTGGGGACCCG-5 ' 




PGR using following oligonucleotides: 

5 ' -TCTAGAGGTTGAGGTGTTTTATGA-3 ' 
3 ' -AGATCTCCAACTCCACAAAATACT-5 ' 



y -^Mlul 

( PT14SSg4- 



Xbal 
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Se r P r oLeuG 1 yP r oA I aSe r Se r LeuP r oG I nSe r PheLeuLeuLy s 
TGTCCCCTGGGCCGTGCCAGCTCCCTGCCCCAGAGCTTCCTGCTCAAG 
AGAGGGGA£CC£e£ACGGTCGAGGGACGGGGTCTC6AAG6ACGAGTTC 
Apal site 



CysLeuG I uG I nVa I Ar gLys I I e6 1 nG I yAspG I yA I aA I aLeuG I n 
TGCTTAGAGCAAGTGAGGAAGATCCAGG6CGATGGCGCAGCGCTCCA6 
ACGAATCTC6TTCACTCCTTCT AGGTCCCGCTACC GCGTCGCGAGGTC 



Apal & BstXI cleavage 

followed by recovery of vector fragment 

* annealing oligonucleotides 

5 ' -CAGCCTCTTCTCTTCCACAATGTTTCCTTCTTAAGTCTCTTGAACAA 
3 ' -CCGGGTCGGAGAAGA6AAGGTGTTAGAAAGGAAGAATTCAGAGAACTTGTT 

GTTAGAAAGATCCAAGGCG-3 ' 
CAATCTTTCTAGGTT-5' 



+20 



+25 



BstXI site 



ligation 




S17SEG 
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Fig. 7 

[pFLAGCTSj 

OmpA Signal Peptide" 

-20 -15 -10 

MetLysLysThrAlal leAlal leAlaValAlaLeuAla 

-5 -1 
G I yPheA I aTh r Va I A I aG I n A I aSe r A r g — 

GTTGCGCAAGCTTCTCGA 

CAACGCGIIC6AAGAGCT 

Hindi II site 



Hindlll & EcoRI 
cleavage 



Hindlll & EcoRI cleavage 



I 



PGR 



ligation 



I G-CSF I 



EcoRI 
pTOISG )\ G-CSF 




- G-CSF 
-5 -1 +1 +2 +3 +4 +5 

G I yPheA I aThr Va I A I aG I nA I aSer Pr oLeuG I yPr o — 

— GTTGCGCAAGCTTCTCCCCTGG6CCCT 

— CAAC6CGTTCGAAGAGGGGACCCGGGA 
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Fig. 8 




-15 -10 -5 -1 

Me t LysLy sLeuLeuPheA I a 1 1 eP r oLeuVa I Va I Pr oPheTy r Se r H i sSe r — 

—TATAGCCATAGCACCATGGAG— 
— ATATCGGTATCGTGGTACCTC— 



Ncol site 



Ncol cleavage 
followed by removal of 
single stranded region 
using Klenow DNA polymerase 

Bglll cleavage 

BamHI cleavage 



ligation 




-5 -1 +1 +2 +3 +4 +5 

-PheTy r Se r H i sSe r Th r P r oLe uG I y P r o- 
-TTCTATAGCCATAGCACCCCCCT6GGCCCT- 
-AAGATATCGGTATCGTG66GGGACCC66GA- 




I G-CSF I 
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Fig. 9 




Me t LysLy sLeuLeuPheA I a 1 1 ePr oLeuVa I Va I Pr oPheTy r Se r H i sSe r — 

— TATAGCCATA6CACCATGGAG— 
—ATATCGGTATCGTGGIACCTC— 

Ncol site 



Ncol cleavage 
Bglll cleavage 



I PGR 

Ncol & BamHI cleavage ^ 
I G-CSF 

ligation 

V 




-5 -1 +1 +2 +3 +4 +5 

-PheTy r Se r H 1 sSe r Tin r Me t Va I G I y Pr o- 
-TTCTATAGCCATAGCACCATGGTGGGCCCT- 
-AA6ATATCG6TATCGTGGTACCACCCGGGA- 
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Fig. 10A 

1 2 3 




Fig. 10B 
1 2 
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Fig. 11 



E 
c: 

o 
1^ 

lO 

CO 

c 

(D 

Q 
"to 

» 

Q. 

o 




1000 



10000 



Dilution ratio 
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Sequence Listing 

<110> Pharm. Co.. Ltd. 

<120> Modified human granulocyte-colony stimulating factor and 
process for producing same 

<130> PCA00729/HMY 

<160> 71 

<170> KOPATIN 1.0 

<210> 1 

<211> 522 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 
<222> (1)..(522) 



<400> 
aca ccc 
Thr Pro 
1 


1 
ctg 
Leu 


ggc 
Gly 


cct 
Pro 
5 


gcc 
Ala 


age 
Ser 


tec 
Ser 


ctg ccc eag 
Leu Pro Gin 
10 


age 
Ser 


ttc 
Phe 


ctg 
Leu 


etc 
Leu 
15 


aag 
Lys 


48 


tgc 
Cys 


tta 
Leu 


gag 
Glu 


caa 
Gin 
20 


gtg 
Val 


agg 
Arg 


aag 
Lys 


ate 
He 


eag ggc gat 
Gin Gly Asp 
25 


ggc 
Gly 


gea 
Ala 


gcg 
Ala 
30 


etc 
Leu 


eag 
Gin 


96 


gag 
Glu 


aag 
Lys 


ctg 
Leu 
35 


tgt 
Cys 


gcc 
Ala 


acc 
Thr 


tae 
Tyr 


aag 
Lys 
40 


ctg tgc cac 
Leu Cys His 


ccc 
Pro 


gag 
Glu 
45 


gag 
Glu 


ctg 
Leu 


gtg 
Val 


144 


ctg 
Leu 


etc 
Leu 
50 


gga 
Gly 


cac 
His 


tct 
Ser 


ctg 
Leu 


ggc 
Gly 
55 


ate 
He 


ccc tgg get 
Pro Trp Ala 


ccc 
Pro 
60 


ctg 
Leu 


age 
Ser 


tec 
Ser 


tgc 
Cys 


192 



ccc age eag gcc ctg eag ctg gea ggc tgc ttg age caa etc cat age 



240 
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Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin Leu His Ser 
65 70 75 80 

ggc ctt ttc etc tac cag ggg etc etg eag gee ctg gaa ggg ata tee 288 
Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly He Ser 

85 90 95 

ccc gag ttg ggt ccc acc ttg gac aca ctg cag ctg gac gtc gcc gac 336 
Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala Asp 
100 105 110 

ttt gee acc ace ate tgg eag cag atg gaa gaa ctg gga atg gee cet 384 
Phe Ala Thr Thr He Trp Gin Gin Met Glu Glu Leu Gly Met Ala Pro 
115 120 125 

gcc ctg cag ccc acc cag ggt gcc atg ccg gcc ttc gcc tct get ttc 432 
Ala Leu Gin Pro Thr Gin Gly Ala Met Pro Ala Phe Ala Ser Ala Phe 
130 135 140 

cag ege egg gea gga ggg gtc ctg gtt get age cat ctg cag age ttc 480 
Gin Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gin Ser Phe 
145 150 155 160 

ctg gag gtg teg tac ege gtt eta ege cac ctt gcg cag ccc 522 
Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gin Pro 
165 170 



<210> 2 

<211> 174 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
1 . 5 10 15 

Cys Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 
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Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu Val 
35 40 45 

Leu Leu Gly His Ser Leu Gly He Pro Trp Ala Pro Leu Ser Ser Cys 
50 55 60 

Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin Leu His Ser 
65 70 75 80 

Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly He Ser 

85 90 95 

Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala Asp 
100 105 110 

Phe Ala Thr Thr He Trp Gin Gin Met Glu Glu Leu Gly Met Ala Pro 
115 120 125 

Ala Leu Gin Pro Thr Gin Gly Ala Met Pro Ala Phe Ala Ser Ala Phe 
130 135 140 

Gin Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gin Ser Phe 
145 150 155 160 

Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gin Pro 
165 170 



<210> 3 

<211> 32 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide primer for the N-terminal of hG-CSF 



<400> 3 

cgccgccata tgacacccct gggccctgcc ag 



32 
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<210> 4 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide primer for the C-terminal of hG-CSF 

<400> 4 

accgaattcg gatcctcagg gctgcgcaag gtggcg 36 



<210> 5 

<211> 72 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for preparing E. coli enterotoxin II signal 
peptide 

<400> 5 

tcatgaaaaa gaatatcgca tttcttcttg catctatgtt cgttttttct attgctacaa 60 
atgcctacgc gt 72 



<210> 6 

<211> 72 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for preparing E. coli enterotoxin II signal 
peptide 



<400> 6 

acgcgtaggc atttgtagca atagaaaaaa cgaacataga tgcaagaaga aatgcgatat 60 
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tctttttcat ga 72 



<210> 7 

<211> 39 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Oligonucleotide primer coding for the N-terminal of [Serl]hG- 
CSF 

<400> 7 

acaaatgcct acgcgtctcc cctgggccct gccagctcc 39 



<210> 8 

<211> 42 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide primer coding for the C-terminal of [Serl]hG- 
CSF 

<400> 8 

accgaattcg gatcctcagg gctgcgcaag gtggcgtaga ac 42 



<210> 9 

<211> 65 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide primer coding for E.coli enterotoxin II 
Shine-Dai garno sequence 

<400> 9 

cggtttccct ctagaggttg aggtgtttta tgaaaaagaa tatcgcattt cttcttgcat 60 
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6 



ctatg 



65 



<210> 10 

<211> 45 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide containing BamHI restriction site 

<400> 10 

accgaattcg gatcctcagg gctgcgcaag gtggcgtaga acgcg 45 

<210> 11 

<211> 10 

<212> PRT 

<213> Artificial Sequence 



<210> 12 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for preparing [Thrl]hG-CSF 

<400> 12 

acaaatgcct acgcgacacc cctgggccct 30 



<220> 
<223> 



Last five amino acids of E. coJi enterotoxin II signal 
peptide plus the 1st to the 5th amino acids of hG-CSF 



<400> 
Thr Asn 
1 



11 

Ala Tyr Ala Thr Pro Leu Gly Pro 
5 10 
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<210> 13 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 12 

<400> 13 

agggcccagg ggtgtcgcgt aggcatttgt 30 



<210> 14 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> N-terminal sequence of E. coli enterotoxin II signal peptide 
having threonine as the 4th amino acid 

<400> 14 

Met Lys Lys Thr He Ala Phe Leu 
1 5 



<210> 15 

<211> 33 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide for substituting the 4th amino acid of E. coli 
enterotoxin II signal peptide with threonine 



<400> 15 

ggtgttttat gaaaaagaca atcgcatttc ttc 



33 
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<210> 16 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID No: 15 
<400> 16 

gaagaaatgc gattgtcttt ttcataaaac acc 33 



<210> 17 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminal sequence of E. coli enterotoxin II signal peptide 
having glutamine as the 22nd amino acid 

<400> 17 

Asn Ala Gin Ala Thr Pro Leu Gly 
1 5 



<210> 18 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for substituting the 22nd amino acid of E. 
coli enterotoxin II signal peptide with glutamine 

<400> 18 

caaatgccca agcgacaccc ctgggc 26 



<210> 19 



wo 01/04329 PCT/KROO/00733 

9 

<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 18 
<400> 19 

gcccaggggt gtcgcttggg catttg 26 



<210> 20 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for modifying E. coli enterotoxin II Shine- 
Da Igarno sequence 
<400> 20 

tctagaggtt gaggtgtttt atga 24 



<210> 21 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 20 

<400> 21 

tcataaaaca cctcaacctc taga 24 



<210> 22 

<211> 66 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> SI oligomer having E. co/Z-pref erred nucleotide sequence 
coding for the 6th to 26th amino acids of [Serl7]hG-CSF 

<400> 22 

cagcctcttc tcttccacaa tctttccttc ttaagtctct tgaacaagtt agaaagatcc 60 
aaggcg 66 



<210> 23 

<211> 66 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 22 (ASl oligomer) 

<400> 23 

ccgggtcgga gaagagaagg tgttagaaag gaagaattca gagaacttgt tcaatctttc 6Q 
taggtt 66 



<210> 24 

<211> 21 

<212> PRT 

<213> Escherichia coli 
<220> 

<221> SIGNAL 

<222> (1).. (21) 

<223> E. coli OmpA signal peptide 

<400> 24 

Met Lys Lys Thr Ala He Ala He Ala Val Ala Leu Ala Gly Phe Ala 
1 5-10 15 

Thr Val Ala Gin Ala 
20 
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<210> 25 

<211> 18 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide containing Hind III recognition site 

<400> 25 

gttgcgcaag cttctcga 18 



<210> 26 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 25 

<400> 26 
tcgagaagct tgcgcaac 



<210> 27 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for the N-terminal of [Serl] hG-CSF 

<400> 27 

gttgcgcaag cttctcccct gggccctgcc agctccctg 39 



<210> 28 
<211> 39 
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<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide containing EcoRI restriction site 
<400> 28 

accgaattct cagggctgcg caaggtggcg tagaacgcg 39 



<210> 29 

<211> 13 

<212> PRT 

<213> Artificial Sequence 
<220 

<223> E. coli OmpA signal peptide plus the 1st to the 5th amino 
acids of [Serl]hG-CSF 

<400> 29 

Gly Phe Ala Thr Val Ala Gin Ala Ser Pro Leu Gly Pro 
15 10 



<210> 30 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide for preparing [Thrl]hG-CSF 

<400> 30 

accgttgcgc aagctacacc cctgggccct 30 



<210> 31 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Ant i sense oi SEQ ID NO: 30 
<400> 31 

agggcccagg ggtgtagctt gcgcaacggt 



<210> 32 

<211> 33 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Oligonucleotide for preparing [Serl7]hG-CSF 
<400> 32 

agcttcctgc tcaagtcttt agagcaagtg agg 



<210> 33 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 32 

<400> 33 

cctcacttgc tctaaagact tgagcaggaa get 33 



<210> 34 

<211> 33 

<212> DNA 

<213> Artificial Sequence 



<220> 
<223> 



Oligonucleotide for preparing [Thrl7]hG-CSF 
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<400> 34 

agcttcctgc tcaagacctt agagcaagtg agg 33 



<210> 35 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 34 

<400> 35 

cctcacttgc tctaaggtct tgagcaggaa get 33 



<210> 36 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for preparing [Alal7]hG-CSF 

<400> 36 

agcttcctgc tcaaggcctt agagcaagtg agg 33 



<210> 37 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 36 



<400> 37 

cctcacttgc tctaaggcct tgagcaggaa get 



33 
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<210> 38 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for preparing [Glyl7]hG-CSF 
<400> 38 

agcttcctgc tcaagggctt agagcaagtg agg 



<210> 39 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 38 

<:400> 39 

cctcacttgc tctaagccct tgagcaggaa get 



<210> 40 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide for preparing [Aspl7]hG-CSF 

<400> 40 

agcttcctgc tcaaggactt agagcaagtg agg 



<210> 41 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Ant i sense of SEQ ID NO: 40 
<400> 41 

cctcacttgc tctaagtcct tgagcaggaa get 



<210> 42 
<211> 18 
<212> PRT 

<213> Escherichia coli 
<220> 

<221> SIGNAL 
<222> (1)..(18) 

<223> E. coli Gene III signal peptide 
<400> 42 

Met Lys Lys Leu Leu Phe Ala He Pro Leu Val Val Pro Phe Tyr Ser 
15 10 15 

His Ser 



<210> 43 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide containing Nco I restriction site 

<400> 43 

tatagccata gcaccatgga g 21 



<210> 
<211> 
<212> 



44 
21 
DNA 
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<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 43 
<400> 44 

ctccatggtg ctatggctat a 



<210> 45 

<211> 8 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> The 2nd to the 10th amino acids of hG-CSF 

<400> 45 

Pro Leu Gly Pro Ala Ser Ser Leu 
1 5 



<210> 46 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide primer coding for the 2nd to the 10th amino 
acids of hG-CSF plus an additional cytosine at its 5'-end 

<400> 46 

ccccctgggc cctgccagct ccctg 25 

<210> 47 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Ant i sense of SEQ ID NO: 46 
<400> 47 

cagggagctg gcagggccca ggggg 



<210> 48 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> E. coli Gene III signal peptide plus the 1st to the 5th 
amino acids of hG-CSF 

<400> 48 

Phe Tyr Ser His Ser Thr Pro Leu Gly Pro 
15 10 



<210> 49 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> The 1st to the 9th amino acids of [Met2,Val3lhG-CSF 

<400> 49 

Thr Met Val Gly Pro Ala Ser Ser Leu 



1 


5 


<210> 


50 


<211> 


33 


<212> 


DNA 


<213> 


Artificial Sequence 



<220> 
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<223> Oligonucleotide for preparing [Met2,Val3]hG-CSF 
<400> 50 

tacgcgtcca tggtgggccc tgccagctcc ctg 



<210> 51 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Ant i sense of SEQ ID NO: 50 

<400> 51 

cagggagctg gcagggccca ccatggacgc gta 



<210> 52 

<211> 10 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> E. coli Gene III signal peptide plus the 1st to the 5th 
amino acids of [Met2.Val3]hG-CSF 



<400> 52 

Phe Tyr Ser His Ser Thr Met Val Gly Pro 
1 5 10 



<210> 53 

<211> 23 

<212> PRT 

<213> Escherichia coli 



<220> 
<221> 
<222> 



SIGNAL 
(1)..(23) 
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<223> Thermoresistant E. coli enterotoxin II signal peptide 



<400> 53 

Met Lys Lys Asn He Ala Phe Leu Leu Ala Ser Met Phe Val Phe Ser 
1 5 10 15 

He Ala Thr Asn Ala Tyr Ala 
20 



<210> 54 

<211> 23 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Modified thermoresistant E. coli enterotoxin II signal 
peptide 

<400> 54 

Met Lys Lys Thr He Ala Phe Leu Leu Ala Ser Met Phe Val Phe Ser 
15 10 15 

He Ala Thr Asn Ala Gin Ala 
20 



<210> 55 

<211> 96 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Nucleotide sequence coding for the 1st to 32nd amino acids of 
[Serl. Serl7]hG-CSF 

<220> 

<221> CDS 
<222> (1)..(96) 
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<400> 55 

tct ccc ctg ggc cct gcc age tec etg ccc cag age tte ctg ete aag 48 
Ser Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 



tct tta gag caa gtg agg aag ate cag ggc gat ggc gca gcg etc cag 
Ser Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



96 



<210> 56 
<211> 32 
<212> PRT 

<213> Artificial Sequence 
<400> 56 

Ser Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Ser Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 57 

<211> 96 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Nucleotide sequence coding for the 1st to the 32nd amino 
acids of [SerllhG-CSF 

<220> 

<221> CDS 

<222> (1)..(96) 

<400> 57 

tct ccc ctg ggc cct gcc age tec ctg ccc cag age tte ctg etc aag 48 

Ser Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
1 5 "10 15 
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tgc tta gag caa gtg agg aag ate cag ggc gat ggc gca gcg etc cag 
Cys Leu Glu Gin Val Arg Lys lie Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



96 



<210> 58 
<211> 32 
<212> PRT 

<213> Artificial Sequence 
<400> 58 

Ser Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Cys Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 59 

<211> 96 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Nucleotide sequence coding for the 1st to the 32nd amino 
acids of [Serl7]hG-CSF 

<220> 

<221> CDS 

<222> (1)..(96) 

<400> 59 

aca ccc etg ggc cct gcc age tec ctg cec eag age ttc etg etc aag 48 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

tct tta gag caa gtg agg aag ate cag ggc gat ggc gca gcg etc eag 96 
Ser Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 
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<210> 60 
<211> 32 
<212> PRT 

<213> Artificial Sequence 
<400> 60 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Ser Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 61 

<211> 96 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Nucleotide sequence coding for the 1st to the 32nd amino 
acids of [Thrl7]hG~CSF 

<220> 

<221> CDS 
<222> (1)..(96) 

<400> 61 

aca ccc ctg ggc cct gcc age tec ctg ccc cag age ttc ctg etc aag 48 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

acc tta gag caa gtg agg aag ate cag ggc gat ggc gca gcg etc cag 96 
Thr Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 62 
<211> 32 
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<212> PRT 

<213> Artificial Sequence 
<400> 62 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Thr Leu Glu Gin Val Arg Lys lie Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 63 

<211> 96 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Nucleotide sequence coding for the 1st to the 32nd amino, 
acids of [Alal7]hG-CSF 

<220> 

<221> CDS 

<222> (1)..(96) 

<400> 63 

aca ccc ctg ggc cct gcc age tec ctg ccc cag age ttc ctg etc aag 48 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

gcc tta gag caa gtg agg aag ate cag ggc gat ggc gca gcg etc cag 96 
Ala Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 64 

<211> 32 

<212> PRT 

<213> Artificial Sequence 



<400> 64 
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Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Ala Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 65 

<211> 96 

<212> DNA 

<213> Artificial Sequence 



<220> 
<223> 



Nucleotide sequence coding for the 1st to the 32th amino 
acids of [Glyl7]hG-CSF 



<220> 
<221> 
<222> 



CDS 

(1)..(96) 



<400> 65 

aca ccc ctg ggc cct gcc age tec ctg ccc cag age ttc ctg etc aag 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

ggc tta gag caa gtg agg aag ate cag ggc gat ggc gea geg etc cag 
Gly Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



48 



96 



<210> 66 

<211> 32 

<212> PRT 

<213> Artificial Sequence 



<400> 66 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
1 5 10 15 

Gly Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
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20 25 30 



<210> 67 

<211> 96 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Nucleotide sequence coding for the 1st to the 32nd amino 
acids of [Met2, Val3]hG-CSF 

<220> 

<221> CDS 
<222> (1)..(96) 



<400> 67 

aca atg gtc ggc cct gcc age tec ctg ccc cag age ttc ctg etc aag 48 
Thr Met Val Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

tgc tta gag caa gtg agg aag ate cag ggc gat ggc gca gcg etc cag 96 
Cys Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 68 

<211> 32 

<212> PRT 

<213> Artificial Sequence 



<400> 68 

Thr Met Val Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Cys Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



<210> 69 
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<211> 
<212> 
<213> 



96 
DNA 

Artificial Sequence 



<220> 



<223> Nucleotide sequence coding for the 1st to the 32nd amino 
acids of [Met2, Val3. Serl7]hG-CSF 

<220> 

<221> CDS 
<222> (1)..(96) 

<400> 69 

aca atg gtc ggc cct gcc age tec ctg ccc cag age ttc ctg etc aag 48 

Thr Met Val Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

tct tta gag caa gtg agg aag ate cag ggc gat ggc gea gcg etc cag 96 
Ser Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 



<210> 70 
<211> 32 
<212> PRT 

<213> Artificial Sequence 
<400> 70 

Thr Met Val Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Ser Leu Glu Gin Val Arg Lys He Gin Gly Asp Gly Ala Ala Leu Gin 



20 



25 



30 



20 



25 



30 



<210> 
<211> 
<212> 
<213> 



71 
10 
DNA 



Artificial Sequence 
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<220> 

<223> Modified Shine-Dai gar no sequence 

<400> 71 
gaggtgtttt 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/KROO/00733 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC7 C12N 15/70 

According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimun documentation searched (classification system followed by classification symbols) 
C12N 15/70 



Documentation searched other than minimun documentation to the extent that such documents are included in the fileds searched 



Electronic data base consulted during the intertnational search (name of data base and, where practicable, search trerms used) 
NCBIpubmed "GCSF" "signal peptide" 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


Biotechnol Prog 1995, ll(2):171-7 


1-21 


A 


J Fla Med Assoc 1994, 81(7):467.9 


1-21 


A 


Plasmid 1997;38(3): 158-73 


1-21 


A 


Gene 1996 ,173(2):27 1-4 


1-21 


A 


Biochem J 1994, 15;298 Pi 3:719-25 


1-21 



I I Further documents arc listed in the continuation of Box C. 



I I See patent family annex. 



Special categories of cited documems: 

document defining the ^neral stale of the art which is not considered 
to be of particular relevenoe 

earlier application or patent but published on or after the intemationai 
filing date 

document wMcfa may throw doubts on priority claim(s) or wliich is 
cited to establbh the publication dale of citation or other 
special reason (as specified) 
"O" document reierring to an oral disclosure, use, exhibition or other 



document published prior to the tntemational filing date but later 
than the priority date claimed 



later document published after the international filing date or priority 

date and not in conflict with the application but ched to understand 

the principle or theory underiying the invention 
"X** document of particular relevence; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 

step when the document is taken alone 
"Y" docum^ of particular relevence; the claimed invention cannot be 

considered to involve an inventive step M^en the document is 

combined with one or more other such docuraenls,such combination 

being obvious to a person skilled in the art 
**&" document member of the same patent family 



Date of the actual completion of the intemationai search 
3 1 OCTOBER 2000 (31.1 0.2000) 



Date of mailing of the intemationai search report 
01 NOVEMBER 2000 (01. 1 1.2000) 



Name and mailing address of the ISA/KR 
Korean Industrial Property OfSce 

Government Complex-Taejon, Dunsan-dong. So-ku, Taejon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7 1 40 



Authorized officer 

LIM, Hea Joon 
Telephone No. 82-42-48 1 -5590 



Form PCT/lSA/210 (second sheet) (July 1998) 



PATENT COOPERATI(3!^TREATY 

PCX 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
(PCT Artcle 36 and Rule 70) 



Applicant's or agent's file reference 
PCA00729/HMY 


SeeNotificationofTransmittaloflnternationalPreliminary 
FOR FURTHER ACTION ^^^.^^^^^ (p«^ PCr/IPEA/416) 


International application No. 

PCT/KROO/00733 


International filing daicfday/month/year) 
07 JULY 2000 (07.07.2000) 


Priority date (day/month/year) 
08 JULY 1999 (08.07.1999) 



International Patent Classification (IPC) or national classification and IPC 
IPC7 C12N 15/70 



Applicant 

HANMI PHARM. CO., LTD. et al 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 

□ 



sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70. 16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 



Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 
Certain documents cited 
Certain defects in the international application 







II 


□ 


in 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



VIII 1^ Certain observations on the international application 




Date of submission of the demamd 

01 FEBRUARY 2001 (01.02.2001) 


Date of completion of this report 

06 DECEMBER 2001 (06.12.2001) 


Name and mailing address of the IPEA/KR 
Korean Intellectual Property Office 

Government Complex-Daejeon, Dunsan-dong, Seo-gu, Daejeon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7 1 40 


Authorized officer .-.---.^^^^^ 
LIM, Hea Joon f . '^^A \ 
Telephone No. 82-42-481-5590 — ✓ 



Form PCT/lPEAy409 (cover sheet) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International aplication No. 
PCT/KROO/00733 



I, Basis of the report 



1 . With regard to the elements of the international application:* 

pc j the international application as originally filed 
j I the description: 



4. 



pages 
pages 
pages 



, as originally filed 
, filed with the demand 



, tiled with the letter ot 



□ 



the claims: 

pages 

pages 

pages 

pages 



I I the drawings: 

pages 

pages 

pages 



, as originally filed 
, as amended (together with any statment) under Article 1 9 

, filed with the demand 

, filed with the letter of 



, as originally filed 
, filed with the demand 



, filed with the letter of 



I I the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application(under Rule 48.3(b)). 

□ the language of the translation furnished for the purposes of international preliminary examination(under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained inthe international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form 

The statement that the subsequently furnished written sequence listing does not go beyond the disc losure in the 
international applicationas as filed has been flirinshed. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished. 



□ 

□ 
□ 
□ 

□ 
□ 



The amendments have resulted in the cancellation of: 

the description, pages 
I I the claims, Nos, 
I I the drawings, sheet 



5- □ 



This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)).** 



♦ Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally filed " and are not annexed to this report since they do not contain amendments (Rules 70. 16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 



Form PCT/IPEA/409 (Box l)(July 1998) 



International aplication No. 
PCT/ICROO/00733 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I . Statement 

Novelty (N) Claims 1-4, 5-6, 7-18, 19, 20,21 YES 

Claims _NO 

Inventive step (IS) Claims 1-4. 5-6, 7-18, 19, 20,21 YES 

Claims NO 

Industrial applicability (lA) Claims 1-4, 5-6, 7-18, 19, 20, 21 ^^^^^ YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 

1) The following document have been considered for the purpose of this report: 
Dl=Biotechnol Prog 1995. 11(2): 171-7 

D2=Plasmid 1997:38(3) : 158-73 

2) Novelty 

Claims 1-4, 5-6. 7-18, 19. 20. 21 relate to a modified human granulocyte-colony stimulating 
factor (hG-CSF) , a gene , vector comprising said gene, in which some nucleotide bases coding for 
the amino acids constituting disulfide bond are substituted with a different bases. 

Document Dl and D2 disclosed the methods preparing hG-CSF without modifications , which were 
different from those of this invetion. 

Therefore, claims 1-4, 5-6, 7-18, 19, 20, 21 in this invention are considered to be novel. 

3) Inventive Step 

Claims 1-4, 5-6, 7-18, 19, 20, 21 relate to a modified human granulocyte-colony stimulating 

factor (hG-CSF) , a gene, vector comprising said gene, in which some nucleotide bases coding for the 
amino acids constituting disulfide bond are substituted with a different bases. 

Document Dl and D2 disclosed the methods preparing hG-CSF without modifications, which were 
different from those of this invention. 

The prior arts does not teach or fairly suggest the modification of nucleotide bases coding for 
the amino acids constituting disulfide bond as a claimed by applicant. The claimed modification 
or its usefulness for the right folding after the protein production is not taught or suggested by 
the prior art. The claimed modification contribute for the right structure of the protein is also- 
useful for the transfer of hG-CSF the cytoplasm of the microorganism. 

Therefore, claims 1-4, 5-6, 7-18, 19, 20, 21 in this invention discloses modified human 
granulocyte-colony stimulating factor (hG-CSF) , a gene, vector appear to involve an inventive step. 

4) Industrial applicability 

The subject matter of claims 1-4, 5-6. 7-18, 19, 20, 21 is considered to be industrially 
appl i cable. 



- INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Form PCT/IPEA/409 (Box V) (July 1998) 



PCT/KROO/00733 \ 



^TENT COOPERATM TRE/ ""Y 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 



Date of mailing (day/month/year) 
31 October 2000 (31.10.00) 



Applicant's or agent* s file reference 
PCA00729/HMY 



To: 



JANG, Seong, Ku 
KEC Building 
17th floor 

275-7, Yangjae-dong 
Seocho-gu 
Seoul 137-130 
REPUBLIQUE DE COREE 



IMPORTANT NOTIFICATION 



International application No. 
PCT/KROO/00733 



International filing date (day/month/year) 
07 July 2000 (07.07.00) 



1. The following indications appeared on record concerning: 

X the applicant |^ the inventor the agent the common representative 


Name and Address 

HANMY PHARM. CO., LTD. 
893-5, Haejeo-ri 
Paltan-myeon 
Hwaseong-gun 
Kyungki-do 445-910 
Republic of Korea 


State of Nationality 
KR 


KR 


Telephone No. 


Facsihriile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
I 1 the person the name Q the address Q the nationality Q the residence 


Name and Address 

HANMI PHARM. CO., LTD. 
893-5, Haejeo-ri 
Paltan-myeon 
Hwaseong-gun 
Kyungki-do 445-910 
Republic of Korea 


State of Nationality 
KR 


State of Residence 
KR 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 
Px] the receiving Office the designated Offices concerned 
[X\ the International Searching Authority |^ the elected Offices concerned r-'V^^n^ 
the International Preliminary Examining Authority | | other: fj^ 


The International Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer y^f^.^-^^^'^^' ' ^ 1 

Lazar ^q^^^^^i&m^T LAW J 
Cy N^FFICES^ 

Telephone No.: (41 -22) 338.83.38 | 



Form PCT/IB/306 (March 1994) 



003623436 



.TENT COOPERATIOrWREAT\ 

PCT 

INTERNATIONAL SEARCH REPORT 
(PCT Article 18 aad Rules 43 and 44) 



Applicant's or agent's file reference 
PCA00729/HMY 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Form PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No. 

PCT/KROO/00733 


International filing date (day/month/year) 
07 JULY 2000 (07.07.2000) 


(Earliest) Priority Date (day/month/year) 
08 JULY 1999 (08.07.1999) 


Applicant 

HANMI PHARM. CO., LTD, et al 



This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according 
to Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of 



sheets. 



I [ It is also accompanied by a copy of each prior art document cited in this report. 



2. 
3. 
4. 



5. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23-l(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing: 

I I contained in the international application in written form. . 

|X I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

I I the statement that the subsequenlty furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished. 

I [ Certain claims were found unsearchable (See Box I). 
I I Unity of invention is lacking (See Box II). 
With regard to the title, 

[X I the text is approved as submitted by the applicant. 

j j the text has been established by this Authority to read as follows: 



With regard to the abstract, 

|X I the text is approved as submitted by the applicant. 

I I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box m. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 



The figure of the drawing to be published with the abstract is Figure No. 

|X I as suggested by the applicant. 

I I because the applicant failed to suggest a figure. 

[ [ because this figure better characterizes the invention. 



Fig. 1-11 



[ I None of the figures. 



Form PCT/ISA/210 (first sheet) (July 1998) 



AT*IOiN..L SEARCH REPORT 



International application No. 
PCT/KROO/00733 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC7 C12N 15/70 

According to International Patent Classification GPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimun documentation searched (classification system followed by classification symbols) 
C12N 15/70 



£)ocumentation searched other than minimun documentation to the extent that such documents are included in the fileds searched 



Electronic data base consulted during the intertnational search (name of data base and, where practicable, search trerms used) 
NCBI pubmed "GCSF" "signal peptide" 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Biotechnol Prog 1995, ll(2):171-7 
J Fla Med Assoc 1994, 81(7):467-9 
Plasmid 1997;38(3): 158-73 
Gene 1996 ,173(2):271-4 
Biochem J 1994, 15;298 Pt 3:719-25 



1-21 
1-21 
1-21 
1-21 
1-21 



I I Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



' Special categories of cited docun^ts: 

A" document defining the general state of the art >which is not considered 

to be of particular relevence 
E** earlier application or patent but published on or after the international 

filing date 

L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or other 
means 

P*' document published prior to the intonational filing date but later 
than the priority date claimed 



*T** later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
*'X** document of particular relevence; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 

step when the document is taken alone 
"Y" document of particular relevence; the claimed invention cannot be 

considered to involve an inventive stqi ^en the document is 

combined with one or more other such documents,such combination 

being obvious to a person skilled in the art 
'*&** document membo* of the same patent family 



Date of the actual completion of the international search 
31 OCTOBER 2000 (31.10.2000) 



Date of mailing of the international search report 
01 NOVEMBER 2000 (01.11.2000) 



Name and mailing address of the ISA/KR 
Korean Industrial Property Office 

Government Complex-Taejon, Dunsan-dong, So-ku, Taejon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7140 



Authorized officer 

LIM, Hea Joon 
Telephone No. 82-42-481-5590 



Form PCT/ISA/210 (second sheet) (July 1998) 



BUDAPEST TREATY ON THE INTERNATIONy\L 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



Fo. Hanmi Pharm. Co. . Ltd 
#893-5 Hajeo-ri Paltan-myun 
Hwasung-Kun 
Kyonggi-do. 
KOREA 



RECEIPT IN THE CASE OF AN ORIGINAL 
issued pursuant to Rule 7. 1 by the 
INTERNAT10N^\L DEPOSITARY AUTHORITy 
identiiied at the bottom of this page 



I . IDENTIFICATION OF THE MICROORGANISM 



IdentificatJon reference given by the 
DEPOSITOR : 

HM2031I 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

KCCM-10154 



n . SCIENTIFIC DESCRIPTION AND/OR PROPOSED Ti-XXONOMIC DESIGNATION 



The microorganism identified under I above was accompanied by: 

O a scientific description 

□ a proposed taxonomic designation 

(Mark with a cross where applicable) 



ffl. RECEIPT AND ACCEPTANCE 



This International Depositary Authouity accepts the microorganism identified under I above, which was 
received by it on March. 24. 1999 .(date of the original deposit) ^ 



N. INTERNATIONAL DEPOSITARY AUTHORITY 



Name : Korean Culture Center of Microorganisms 

/\ddress : Department of Food Engineering 
College of Eng. Yonsei University 
Sodaemun-gu. Seoul 120-749 
Korea 



Signature (s) of person (s) having the power 
to represent the International Depositary 



Authority of of authouized official (s) ' 



Date: April. 6, 1999 




1 Where Rule 6. 4 (d) applies, such date is the date on which the status of intei'J?2TOnar"-""tl^pDs 
was acquired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i 
nternational depositary authority is converted info a deposit under the Budapest Treaty* such date is the 
date on which the microorganism was received by the international depositary authouity. 



sitary authority 



Form BP/4 (KCCM Form 17) 



Sole page 



BUDAPEST TREATY ON THE INTERNATION/\L 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
' FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



To. Hanmi Phann. Co.. Ltd 

#893-5 Hajeo-ri Paltan-myun 

Hwasung-Kun 

Kyonggi-do, 

KOREA 



RECEIPT IN THE CASE OF AN ORIGINAL 
Issued pursuant to Rule 7. 1 by the 
INTERNATIONAL DEPOSIT/\RY AUTHORITY 
idendfied at the bottom of this page 



I . IDENTIFICATION OF THE MICROORGANISM 



Identificadon reference given by the 
DEPOSITOR : 

HM10410 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORFTY: 

KCCM-10151 



n . SCIENTIFIC DESCRIFIION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganisnn idendfied under I above was accompanied by 2 

□ a scientific description 

□ a proposed taxonomic designation 
(Mark with a cross where applicable) 



m. RECEIPT AND ACCEPTANCE 



This International Depositary Authouity accepts the microorganism Identified under I above, which was 
received by it on March. 24, 1999 (date of the original deposiO * 



IV. INTERNATIONAL DEPOSITARY AUTHORTIY 



Name : Korean Culture Center of Microorganisms 

Address • Department of Food Engineering 
College of Eng. Yonsei UnK'ersity 
Sodaemun-gu, Seoul 120-749 
Korea 



Signature (s) of person (s) ha^^ng the power 
to represent the International Depositary 
Audiority of of authouizfid,J>fligi;?Ui^^ 



Date: 




1 Where Rule 6. 4 (d) applies, such date is the date 
was acquired • where a deposit made outside the 
ntemational depositary authority Is converted into a 
date on which the microorganism was received by ilie 



on which the status of international depositary authority 
Budapest Treaty after the acquisition of the status of i 
deposit under the Budapest Treaty, such date is the 
international depositary authouity. 



Form BP/4 (KCCM Form 17) 



Sole page 



BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR' THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



To. Hanmi Pharm. Co., Ltd 
#893-5 Hajeo-ri Paltan-myun 

Hwasung-Kua 

Kyonggi-do, 

KOREA 



RECEIPT IN THE CASE OF AN ORIGINAL 
issued pursuant to Rule 7. 1 by the 
1NTERNAT10N/\L DEPOSm\RY AUTHORITY 
identified at the bottom of this page 



I . IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITOR : 

HMIMU 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORirY: 

KCCM-10152 



n. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism identified under I above was accompanied by: 

□ a scientific description 

□ a proposed taxonomic designation 
(Mark with a cross where applicable) 



ID. RECEIPT AND ACCEPTANCE 



This Internationa! Depositary Authouity accepts the microorganism identified under I above, which was 
received by it on March. 24. 1999 (date of the original deposit) " 



IV. INTERNATIONAL DEPOSITARY AUTHORITY 



Name ' Korean Culture Center of Microorganisms 

Address : Department of Food Engineering 
College of Eng. Yonsei University 
Sodaemun-gu. Seoul 120-749 

Korea 



Signature (s) of person (s) having the power 
to represent the International Depositary 
Authority of of authouiz pd officiat (s) " 



Date: ApriL 6. 1999 f^iLST^ 




1 Where Rule 6 4(d) applies, such date is the date on which the status of intw^natoonar ' "depositary authority 
^vas acquired : where a deposit made outside the Budapest Treaty after the acquisition of the status of i 
nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is the 
date on which the microorganism was received by the international depositary authouity. 



Form BP/4 (KCCM Form' 17) 



Sole page 



BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITiON OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



To. Hanmi Pharm. Co., Ltd 

#893-5 Hajeo-ri Paltan-myun 

Hwasung-Kun 

Kyonggi-do, 

KOREA 



RECEIPT IN THE CASE OF AN ORIGINAL 
issued pursuant to Rule 7. 1 by the 
INTERNATIONAL DEPOSFTARY AUTHORITY 
identified at the bottom of this page 



I . IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the 
DEPOSITOR : 

HM105J0 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

KCCM-10153 



n. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism identified under I above was accompanied by* 

□ a scientific description 

□ a proposed taxonomic designation 
(Mark ^^ith a cross where applicable) 



m. RECEIPT AND ACCEPTANCE 



This Internationa] Depositary Authouity accepts the microorganism identified under I above, which w*as 
received by it on March. 24. 1999 (date of the original deposiO ' 



IV. INTERNATIONAL DEPOSITARY AUTHORITY 



Name - Korean Culture Center pf Microorganisms 

Address : Department of Food Engineering 
College of Eng. Yonsei University 
Sodaemun-gu, Seoul 120-749 
Korea 



Signature (s) of person (s) having the power 
to represent the International Depositary 




Date: April 



1 Where Rule 6. 4 (d) applies, such date is the date on which the status of international depositary authority 

was acquired - where a deposit made outside the Budapest Treaty after the acquisition of the status of i 

nternational depositary authority is converted into a deposit under the Budapest Treaty, such date is the 
date on which the microorganism was received by the international depositary authouity. 



Form BP/4 (KCCM Form 17) 



Sole page 



